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Abstract. The improvement and optimization of business processes is one of 
the top priorities in an organization. Although process analysis methods are ma-
ture today, business analysts and stakeholders are still hampered by communi-
cation issues. That is, analysts cannot effectively obtain accurate business re-
quirements from stakeholders, and stakeholders are often confused about ana-
lytic results offered by analysts. We argue that using a virtual world to model a 
business process can benefit communication activities. We believe that virtual 
worlds can be used as an efficient model-view approach, increasing the cogni-
tion of business requirements and analytic results, as well as the possibility of 
business plan validation. A healthcare case study is provided as an approach in-
stance, illustrating how intuitive such an approach can be. As an exploration 
paper, we believe that this promising research can encourage people to investi-
gate more research topics in the interdisciplinary area of information system, 
visualization and multi-user virtual worlds. 
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1 Introduction 
Presently, people often model their business activities as a workflow system using 
business process automation approaches. Such a system can be understood from con-
trol, data and resource perspectives [1]. The control perspective is concerned with the 
temporal and logical ordering of business activities. The data perspective is concerned 
with the supporting data flows in a workflow system. The resource perspective 
represents responsibilities, attributes and the organizational structures of human re-
sources. 
Business analysts can analyze a business environment from these perspectives and 
propose an optimization and improvement plan, if an efficient business solution is 
urged by stakeholders. Such an optimization and improvement process involves an 
intensive communication process between the stakeholder and business analyst, that 
is, business analysts gather the necessary information from their clients, and then 
provide the analysis result and recommendations to convince the clients to buy into 
the plan [2].  
According to communication theory [3], a general communication model can be 
depicted in Fig.1. During information transmission, the message sender should encode 
the information in a certain code form, and then pass the code to the receiver.  As the 
receiver gets the code, they need to decode the code to obtain the information. For 
example, if a business analyst is trying to describe a business process to his client, 
they may encode the process in a visual grammar (such as an BPMN [4] or ER dia-
gram [5]) and show it to the stakeholder. When the stakeholder obtains this visual 
code, he/she has to use relevant knowledge to understand the visual code, if he/she 







Fig. 1. A general communication model can be applied in the communication process between 
the business analyst and stakeholder. 
In practice, the stakeholder and business analyst play the role of message sender and 
receiver alternatively. They use both visual and verbal codes to convey their under-
standings to each other. However, it is reported that business analysts and stakehold-
ers often have communication problems [3, 6, 7].  
On the one hand, stakeholders cannot always elaborate their business activities in a 
well structured way [6]. Their goal may not be clearly defined and a variety of unex-
pected factors can influenced their satisfaction with meeting results. With such uncer-
tainties, incompleteness and redundancy, it is hard to guarantee that business analysts 
precisely grasp all detailed aspects in business activities and requirements. As a result, 
analysis results, such as conceptual models, are often incorrect. 
On the other hand, the visual code used by business analysts inevitably has noise, 
interfering with cognitive processes in the reader [3]. Conceptual models, as the visu-
al code conveying the information, are created using various visual syntaxes, and the 
debate on which is the best visual syntax has been continuing for approximately 30 
years [7]. Undoubtedly, this places a burden on stakeholders who have less know-
ledge in conceptual modeling terminology. 
Thus, it can be concluded that noise exists in the encoding and decoding process, 
as well as the visual code used by the business analysts and stakeholders. This will 
reduce the possibility of stakeholder buy into the optimization and improvement plan. 
As a result, a solution to this communication problem is to use a semantically transpa-
rent code, that is, one that assists the reader in inferring the meaning of a code from its 
appearance [7]. . 
Recently, it has been realized that the 3D virtual world can be applied in observa-
tional ethnography, case studies, economic markets and social networks [8]. Its richer 
visualization representation abilities can expend the memory bandwidth of people, 
allowing them to effectively process more information [9]. 
This strongly suggests that 3D virtual worlds could be a superior process visualiza-
tion platform, enabling people to recall and cognate about conceptual and non-
conceptual content, facilitating the communication process in analyzing, modeling 
and validating the organizational structure and resource behaviors, see Fig. 2.  
 
Fig. 2. Snapshots of an emergency treatment workflow visualized in a 3D virtual world, where 
several avatars are about to revive an injured person. Four HUD images indicate the current 
state of the visualized workflow system (1) and human resource workload (2), patient’s condi-
tion (3), and entity relationship (4). This can help virtual world participant (black vest in the 
middle), whether a business analyst or stakeholder, recall what happens in reality or comment 
on the conceptual model. 
However, only a few researchers have applied this approach in domain workflow 
management systems. Our previous work [10] mainly focus on collaborative process 
modeling issues in the virtual world. In this paper, we explore the feasibility of utiliz-
ing such an approach in resource perspective related information collection, concep-
tual modeling, model validation, business process simulation, as well as simulation 
result investigation. 
This paper is organized as follows: Section 2 discusses related work. Section 3 ex-
plores the rationality of using a virtual world as an alternative communication ap-
proach. Section 4 uses a case study in the healthcare domain to demonstrate a set of 
visualization benefits offered by such a communication approach. At last, Section 5 
concludes with a discussion of achievements, and points towards further work. 
2 Related Work 
2.1 Conceptual Modeling 
The Entity-Relationship diagram (ERD) is one type of conceptual model that has been 
widely used in many industrial areas since the late 70s [5]. Such a modeling approach 
employs some simple 2D shapes to handle some modeling issues related to the re-
source perspective in a process aware information system. 
Despite the fact that some easy conceptual modeling techniques (such as ERD) are 
available, they still confuse naive stakeholders in some cases. Burton-Jones and We-
ber [11] pointed out that attribute extensions on ERD make these diagrams less un-
derstandable to stakeholders. Maes and Poels [12] revealed that users start to become 
dissatisfied with ER modeling results, as the ER diagram becomes more complex. A 
workflow system is a heterogeneous environment. Entities, such as messages, tasks 
and resources, and their relationships, are expressed by conceptual models, thus the 
use of a poor representation means that stakeholder satisfaction cannot be guaranteed. 
Therefore, Weber [13]  concluded that applying an ontology in the modeling process 
can increase the understandability and perception of the information in a conceptual 
model. 
However, they did not address the issue that sound professional knowledge in in-
formation systems plays an important role in understanding modeling results, and we 
cannot guarantee that every stakeholder has such necessary knowledge [14]. Com-
pared with these previous works [11-13], this paper intends to bridge the gap between 
conceptual models and physical environment simulations. We aim to provide a new 
model-view approach that can facilitate communication between stakeholders and 
business analysts, by allowing participants to observe actual activities at the opera-
tional level being juxtaposed with a conceptual model. 
2.2 Virtual World Applications 
Currently, 3D virtual worlds have become popular research topics in E-commerce 
domains. Some researchers [15, 16] have visualized a process models from the con-
trol, resource and data perspectives in a virtual world. Although these two works ex-
tend modeling from 2D to 3D, they do not utilize the full power of 3D virtual worlds 
to represent and interpret what actually happens in a workflow system at the opera-
tional level. 
A forward step has been made by Perkins and Bogdanovych [17, 18]. Perkins [17] 
proposed an agent system that plays as an intermediate between a simple workflow 
engine and a virtual world for representing human resource behavior. Bogdanovych 
[18] established a methodology called Virtual Institutions (VI) to facilitate the com-
munication between the customer and product sellers, which has the similar purpose 
to ours.  
These works [15-18] have realized that the virtual world is powerful in demonstrat-
ing what is happening at the operational level in an enterprise. However, they did not 
address how virtual worlds can be used as an alternative tool for facilitating commu-
nication in business process modeling tasks. 
3 Virtual World as the Model-View Communication Approach 
In this section, we explore the feasibility of using virtual worlds as a communication 
approach. We briefly review the interests of stakeholders in business process im-
provement activities and introduce the features of virtual worlds in Section 3.1 and 
3.2, respectively. Then, we explain how the features of a virtual world can support 
communication in business process optimization activities in Section 3.3. At last, we 
discuss the details of a prototype system being used to support our argument in Sec-
tion 3.4.  
3.1 Business Improvement and Optimization Activity Review 
At the operational level of a business environment, both academic researchers and 
operation managers are interest in the specific sequence of task events, personnel 
arrangement and resource behavior [19], that is, the control and resource perspectives 
of a workflow system. A diagram showing the communication skill set of a business 
analyst, and the interests of a manager or client is represented in Fig.3, below. 
  
Fig. 3. Illustration of the main process modeling concerns of business analysts and managers. 
To satisfy the interests of business analysts and stakeholders, we believe the following 
visualization aspects (not limited to), including Physical Environment and Human 
Resource Behavior, Entity Representation, Information Display, Business Scenario 
Rehearsals, should be addressed. An abridged general view about how these visuali-
zation aspects can assist people in the improvement process life cycle is shown in 
Fig.4. 
 
Fig. 4. The life cycle of a business process improvement. The phases requiring visual assis-
tances are highlighted in a green rectangle by the ellipses at the bottom of the diagram. 
 Physical Environment and Human Resource Behavior --- The states of a physical 
environment usually impact the behavior of a human resource and business task 
transition [20]. Visualization of this aspect enables insight into relationships be-
tween a physical environment and business processes. Details in this aspect could 
be the indication of personnel distribution, non-human resource utilization, relative 
incidences of the tasks, as well as physical movement of human resources. 
 Entity Representation --- Business analysts usually use simple 2D objects to ab-
stractly represent real objects. For example, process models grammars, such as 
BPMN, are used to describe the state transition of tasks, ER diagram are used to re-
flect the relationship between human resources and non-human resources. 
 Information Display --- Information may be loosely classified as qualitative and 
quantitative information. These types of information reflect the temporal state of 
the business environment. Representations of this information will provide people 
with insight into the workload of human resources, and utilization rates of non-
human resources. 
 Business Scenario Rehearsals --- As the business environment can be modeled and 
parameterized, business analysts can direct and predicate the output based on busi-
ness configurations with different parameters. Sometimes, business analysts need 
to use simple visual approaches, such as sliders, to demonstrate the consequence of 
enacted business models. Such visual assistance is an essential approach in re-
quirements elicitation and analysis, enabling business analysts and stakeholder to 
discuss unforeseen situations that may happen in their work. 
3.2 Virtual World Introduction 
A virtual world is a network-based, computer synthesized dynamic environment, 
where participants can communicate with each other and observe computer-generated 
environmental objects [21]. Some selected features are discussed below:  
 Geometry Representation. The geometry in a virtual world is composed of a meta-
data called geometric meshes. The combination of geometric meshes can form the 
shape of real objects, such as buildings, terrain, vehicles and humans. Images can 
be laid over the geometric meshes, called textures, visually representing the prop-
erties of objects, such as stone, wood and hair. People can utilize geometries to vi-
sually replicate the appearance of the real environment.  
 Programming. People can use programming languages to implement system func-
tions. An object being attached to a script can react to the current state of the vir-
tual world, that is, it enables an interaction between participants and environmental 
objects. Some advanced programming languages, such as C#, C++ and JAVA, can 
be used to implement these functions, for example, database connections and/or 
document printing.  
 Avatars.  An avatar is a 3D graphical representation of a virtual world participant, 
driven by a human or an intelligent agent. A human can navigate his/her avatar to 
explore the virtual world, create and modify the surrounding geometries and inte-
ract with other participants. An avatar driven by an intelligent agent can be used to 
represent an artificial life, mimicking the behavior of real people. 
 Behavior Modeling. A behavioral model is the mathematical formulae of the 
movement logic implemented by a programming language. Examples of a behavior 
model can be a door opening movement, or picking up a bag on the table of an ava-
tar receiving an order. 
 Information Visualization. The virtual world software can obtain data from the real 
world and display it as a visual representation. In the real world, information is 
usually represented in a 2D form, such as table, text or diagram.  A virtual world is 
usually a 3D environment, which is superior in representational quality to a 2D ob-
ject, with objects represented using geometric meshes. 
3.3 Virtual World As Alternative Communication Approach in Business 
Process Improvement 
We now explore the rationality behind using a virtual world as a communication ap-
proach in business process modeling. An over view of how the virtual world can satis-
fy visualization needs during the communication process is described in Table.1. 
Table 1. The table shows the relationship between visualization needs and supported virtual 
world features. The left column lists visualization aspects drawn from the lower part of Fig.4, 
while the right colum lists features of the virtual world that can support visualiztion aspects.  
Visualization Needs Supported Virtual World Features 
Physical Environment and Human 
Resource Behavior 
Avatars, Geometry Representation 
Behaviour Modeling 





Business Scenarios Rehearsals 
Avatars 
Geometry Representation 
Behavior Modeling, Programming 
In a virtual world, a complex environment can be built up from basic geometries. 
Creators can twist, squeeze, and stretch basic geometries into the certain shape to 
satisfy a particular need. Then, by integrating these deformed geometries and attach-
ing textures, complex objects in reality, such as rooms, desktops and computers can 
be replicated. In Fig.5, we illustrate such a creation process. 
 
Fig. 5. Illustration of basic and complex geometries in a virtual world. The four basic geome-
tries in picture A, can be used to create complex geometries (examples are from a health scena-
rio), such as a blood bag information displays and ICU bay in picture B, and ICU room in pic-
ture C. 
The dress and behavior of people can be a form of self expression and social identity 
[22, 23]. That is, observers can conjecture the position level, nature of work, interper-
sonal relationship, intention and characteristics from the observed target. In a virtual 
world, people can create avatars with particular appearances, and model their beha-
vior to mimic the certain behavior of people in reality. For example, we can see the 
profession of these avatars, and in addition, some specialists can tell subtle differenc-
es between their roles by such appearances, see Fig. 6. 
 
Fig. 6. Illustration the appearance and behavior of avatars. According to their appearances in 
the left picture (A), observers can conjecture that these avatars could be in the medical profes-
sion. In addition, observers can obtain behavior information by watching avatar movements in 
the right picture (B). 
Thus, synthetic environments and observable inhabitants of a virtual world, if being 
correctly translated from reality, enable business analysts and stakeholders to have a 
concrete observable instance as an object to assess, evaluate, predicate and identify. In 
other worlds, it can be argued that a virtual world is a versatile communication ap-
proach between business analysts and stakeholders. 
3.4 Prototype System Design and Implementation 
A prototype is needed to prove the concepts we present in our approach. In this sec-
tion, we discuss the design of the software architecture and implementation issues. 
Design 
In software engineering, the classical Model-View-Controller (MVC) software pat-
tern is used to describe the relationship between the data in a domain (Model), the 
user interaction and data representation (View), and the connection mechanism be-
tween Model and View (Controller) [24]. 
Our prototype system is mainly built upon our previous agent system [25], where 
intelligent agents can interact with a Workflow Management System (WfMS), simu-
lating the behavior of an entity in a workflow system and process workitems allocated 
by a WfMS. The virtual world will render the business environment into an interac-
tive and observable form, allowing participants to manipulate environmental content. 
Thus, the relationship of the agent system and WfMS at the backend, and virtual 
world at the front end, can be illustrated under an MVC framework, see Fig.7.     
 
Fig. 7. The architecture of this prototype MVC-based system. 
Implementation 









 API to implement our prototype.  
The YAWL system is a WfMS that employs a workflow language called YAWL 
(Yet Another Workflow Language). JADE (Java Agent DEvelopment Framework) is 
a JAVA based agent platform, providing developers with an agent system infrastruc-
ture platform. These two packages are used to implement our previous agent system 
[25]. OpenSim is a 3D application server that allows developers to create a 3D virtual 
world via various clients. The Hippo OpenSim Viewer, is used as the viewing client, 
allowing 3D virtual world participants to interact with the 3D virtual worlds. The 
OpenMetaverse library is used to implement the behavior modeling of human re-
source in the workflow system.  
The prototype system was developed on a commodity laptop, indicating it can be 
used by anyone with a present day entry level machine. 
4 Case Study 
4.1 Background  
In the healthcare domain, a treatment process usually comprises multiple medical 
resource participation, heterogeneous data transaction, as well as sub-treatments in 
different medical departments. The provision of efficient treatment processes is a 
complex task, under the aspiration of saving more lives and reducing resource costs. 
However, research results show that workflow applications can promote service quali-
                                                          
1  jade.tilab.com 
2  www.opensimulator.org 
3  www.mjm-labs.com/viewer 
4  www.openmetaverse.org 
ty and improve operation efficiency [27]. It can be conjectured that visualization as-
sistance will be needed in the communication process between business analysts and 
medical stakeholders, if improvement and optimization is requested.    
4.2 Visualization Applications 
Listing all visualization applications is prohibitive, thus, we list out some visualiza-
tion applications as a recommendation of what could be offered by the virtual world, 
with regards to business analysts. In particular, we constrain our work to the health 
care domain in order to provide a tight, task-oriented relationship between the appli-
cation domain and the approach presented. Readers can take this section as an in-
stance of a model-view approach. In Table 2, there are some visualization applica-
tions along with the improvement life cycle that we mentioned in Fig.4. These listed 
visualization applications can provide readers with a semantically transparent code 
[7]. That is, they can directly get information from the code, rather than get the con-
tent from mapping a conceptual model to their own internal visual representation, 
reducing the cognitive overhead in understanding the business process being illu-
strated. 
Table 2. Summary of visualization applications in the different phases along the business 
improvement and optimization life cycle.  
Application in Data Collection 
The environment containing the business processes is represented in a virtual 
world. We see in the following scenes that the stakeholder is taking his business ana-
lyst as a visitor to show them around the business process environment, see Fig.8. At 
each location in the virtual world, stakeholders can directly tell business analyst about 
who is going to do what here and the location of the next task, which enables the 
business analyst to perceive the temporal and spatial ordering of tasks and human 
resource spatial distribution. With such qualitative information, business analysts can 
sketch up a road map of the treatment process, discovering the factors that affect the 
performance of human resources later.  






juxtaposed modelling result 
observable human resource behaviour 
Business Process Simulation 
human resource performance 
conceptual model observation  
Simulation Result Investigation patient trajectories 
 Fig. 8. A stakeholder (white gown) is introducing the functions of different locations in an 
emergency department to his business analyst (black vest). By introducing these locations in a 
certain order, business analysts can validate the ordering of tasks in the medical treatment. 
Application in Conceptual Modeling and Modeling Validation 
Conceptual Modeling and Modeling Validation require intensive communications. 
In reality, conceptual models represent, in an abstract manner, tangible artifacts, and 
so such structures need to be discussed in a shared workspace.  
In a virtual world, people can work together to discuss the conceptual models in a 
direct manner. They can create geometries attached with different textures 
representing the artifacts used in the reality, and juxtapose these geometries with a 
conceptual model. Due to the ability to see the conceptual model in the same space as 
the person’s workplace, business analysts can easily sketch up the components of a 
model, see Fig.9. 
  
Fig. 9. Conceptual modeling visualization in the virtual world. A business analyst can sketch 
and observe the behavior of simulated medical staff, see picture A. Based on observations, he is 
sketching an ER diagram, right picture B.  
Application in Business Process Simulation 
In a virtual world, the actual human resource performance and corresponding ab-
stracted information can be simultaneously observed. A business analyst can, being 
accompanied with stakeholders, check what is happening in the simulated working 
environment. With a directly observable instance on hand, the business analyst can 
explain the connotation of the conceptual model, while the stakeholder can comment 
on what he/she has seen. Thus, it enhances the possibility of understandability and 
informative commentary regarding the resource and process models shown. 
For example, the concrete and abstract information of task blood transfusion are 
available to participants, see Fig.10. A local view toward this task such as the respon-
sibility of human resource and non-human resource utilization (the blood bag) can be 
obtained by native stakeholders. The abstracted information, such as the temporal 
ordering of task and entity relationship, can be represented through a process model in 
the heads up display. 
  
Fig. 10. Illustration of resource behavior observation. The pictures A to D are snapshots from 
the system. The participant (black vast) can see the actual avatar performance, while executing 
process model information is displayed in the HUD, (with the red token indicating current 
workflow state) along with an ER diagram and task description in D. 
Application in Simulation Results 
Such data visualization approaches can provide a quick understanding of simula-
tion results. Traditionally, simulation results are in a 2D static form, which may not 
intuitively indicate what actually happened at the operational level in the workflow 
system.  
A virtual world can represent simulation results with 3D artifacts. For example, it 
can indicate the physical movements of patients at the operational level, providing 
visual assistance in crowd movements in the health care research, see Fig.11.  
  
Fig. 11. The physical trajectories of patients in a medical department. A business analyst or 
stakeholder can use this visualization application to estimate the resource utilization by investi-
gate crowd movement in the medical department. 
4.3 Discussion 
We use this case study to demonstrate a number of visualization applications that can 
be offered by a virtual world. The visualization applications can be for the interest of 
stakeholders and business analysts alike. A virtual world can be a compelling com-
munication approach that satisfies modeling collaboration efforts by providing tangi-
ble modeling objects that can be juxtapose within a computer synthesized environ-
ment [10]. 
A virtual world can provide a strong participative component to business analysts 
and stakeholders. A computer synthesized environment can be assessable to both of 
them, even if they are geographically dispersed. This allows stakeholders to partici-
pate in the conceptual modeling process, by remotely logging into the virtual world 
from their own office. Such a strong participative component is a major foundation of 
requirements elicitation [28]. As the representation is located in a richer visualization 
environment, we expect the bandwidth for memories of stakeholders will be expended 
[9], therefore enabling stakeholders to effectively recall their domain problems, and 
comment on the modeling results. 
As we were developing this case study, we found that environmental objects 
(tables, patient bed) creation is the most time consuming task in the case study devel-
opment. However, such an investment enables business analysts to analyze spatial 
factors in an organization, which is of prime importance in some application domains, 
such as health [29] and logistics [30]. In addition, many tools can be used to ease the 
creation process. For example, Second Life and OpenSim provide native tools to vir-
tual world developers. Once these environmental objects have been created, they can 
be persistent in a virtual world, allowing them to be reused when other process model-
ling tasks emerge.  
5 Conclusion 
The main purpose of this paper is to provide a visualization approach to strengthen 
the communication channels between business analysts and stakeholders, before any 
improvement and optimization activity is conducted. 
Reviewing the state of the art knowledge in the field of workflow, conceptual 
modeling, and intelligent agent domain, only a few researchers have started to explore 
the communication ability of 3D virtual worlds in the workflow domain. Based on 
this research, we believe that there are two research questions worth exploring. 
On the one hand, visualization on deviations between two conceptual models 
should be considered. Currently, our system aims to facilitate the communication 
between sophisticated business analysts and stakeholders and can visualize a 
workflow system with different simulation configurations by converting the “as-is” 
result in to 3D visualization of the “to-be”. To verify a conceptual model, some algo-
rithms are available for business analysts to identify the redundancy and incomplete-
ness among these conceptual models. However, an intuitive indication is still needed 
for native stakeholders to understand the changes to be introduced by the new model. 
On the other hand, a well established assessment system for the 3D visualization of 
a workflow system is needed. The development of such a novel system is long-term 
work. One practical solution is to develop an attitude scale.  In addition, the reliability 
and validity of such a scale should be strengthened during the development. To our 
best knowledge, less attention has been made to this as a research question, though 
some are investigating the perception and comprehension of 2D process models [31], 
no work has been performed in the validity of 3d process model representations. 
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